In this study, a new composites scaffold of hydroxyapatite (HA)/polyurethane (PU) were prepared by thermally induced solid-liquid phase separation (TIPS). The morphology, chemical bonding and mechanical properties of the scaffolds were investigated by SEM, FTIR and compression testing. The SEM pictures Exhibited regular and interconnected porosity. The pore volume decreased with increasing amounts of HA into the scaffold. The SEM images have shown that the samples had pore size with ranging from 50-200 µm. The water absorption of the composite foams was investigated with phosphate buffer saline (PBS). The addition of hydroxyapatite to polymer foams increased the water absorption. The HA/PU scaffold exhibited good biocompatibility estimated by culturing the scaffold with L-929 fibroblast cell line. Such polyurethane composite scaffolds have good prospects to be used as biodegradable and bioactive scaffolds in bone tissue engineering.
Introduction
Tissue engineering presents an alternative approach to improve, repair or replace damaged human tissue. It is the use of a combination of progenitor or mature cells, typically on or within a Biomaterial scaffold with or without appropriate growth factors to initiate natural tissue repair and regeneration [1, 2] . A scaffold suitable for bone tissue reconstruction should at least fulfilled the following criteria: (i) Completely degradable into nontoxic products and biocompatible, (ii) highly porous with Interconnected pores structure, (iii) suitable for cell attachment, proliferation, and differentiation, (iv) Suitable mechanical properties [3] . Polyurethanes are considered to be excellent biomaterials for tissue engineering application due to their appropriate mechanical properties and good biocompatibility [4] [5] [6] [7] [8] [9] . Polymer composites filled with nano-hydroxyapatite (n-HA) are developed to improve the mechanical and bioactive properties of polyurethane for bone repair or substitute [10, 11] . Nano-HA particles were used to disperse uniformly in the PU polymer matrix and to improve the bioactivity [12] . In this study, linear biodegradable polyurethanes were synthesized by two step polymerization. Then the composite Scaffold was prepared with solid -liquid phase separation method using polyurethane and HA particle. Then, the mechanical, morphological and physical properties of the samples were determined.
Materials and methods
Polycaprolactone (PCL, Aldrich) with a molecular weight of 2000 and 1,4-Butanediol (BDO, Merck) were dried under vacuum for 48 hours to remove the residual water before use. 1,6-Hexamethylene diisocyanate (HMDI, Merck) was distilled under reduced nitrogen pressure prior to use. 1,4-Dioxane were used as received from the supplier (Merck).
Experimental
All reactions were carried out under nitrogen atmosphere in glass reactor with a mechanical stirrer (2000 rpm). The nitrogen gas, prior to entering into the reactor, was dried by passing through concentrated sulfuric acid. The polyester urethane was synthesized using two-step polymerization method. The prepolymers were produced by end-capping PCL with HMDI for 4 hours at 80 ºС. Afterward, the excess of HMDI was distilled off under reduced pressure (0.03 mbar) at 80° C. The stoichiometry of the chemical reaction was 6:1 of HMDI: PCL. The prepolymer was chain extended using of BDO at 80ºC for 30 minutes. The resulting polymer was washed with water and dried under vacuum at 40 °C. Porous structure was created by solid-liquid phase separation techniques. Polyurethane samples were dissolved in dioxane at concentration of 3% (w/v). The mixture was stirred overnight to obtain a homogeneous
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Proceedings of the 7th IASTED International Conference solution. The determined amounts of HA were added into the polymer solution for preparation of 5 and 10 wt. % of HA in the polymer composites. The mixture was stirred completely to obtain a homogeneous solution. Subsequently, the mixture were rapidly cooled down to -5 ºC. The moulds were freeze dried under vacuum (0.01 mbar) for solvent sublimation. Afterwards, the porous samples were dried at room temperature in a vacuum oven until reaching a constant weight. The composite samples were dried in the vacuum oven at 40º C until reaching a constant weight.
Characterization
Fourier Transform Infrared Spectroscopy (FTIR) was obtained on KBr slice with a spectrophotometer (Spectrum One, BOMEM -MB100-SERIES, Canada). The morphology and pore structure of the porous scaffolds were examined using a SEM (LEO 440I, UK). The compressive strength of the polyurethane scaffolds was tested using an Instron materials testing machine (model 1195, Instron Corp., UK) at 23± 2 °C and relative humidity of 50%. The sample dimensions were 12 mm × 12 mm × 2 mm and the crosshead speed was 2 mm/min with 1000 N load cell. All the reported results are the means values of six measurements.
Water uptake experiments: The composite samples were immersed in distilled water and were kept for 192 h at 37 °C in an incubator. The mass ratio of the sample and water was 1:30. The samples were removed from water at time intervals and weighed with an analytical balance after drying with filter paper. Each experiment was performed using three samples in replica, and the mass was averaged over three replicas following reference. The water uptake was calculated according to the following formula:
%Water uptake = (m 2 -m 1 )/ m 1 × 100
Where, m 1 and m 2 are the masses of dry and wet samples, respectively [13, 14] . Cell culture reaction of the prepared films was evaluated by in-vitro cell culture test. The mouse L929 fibroblast cells were used as a test model in this study. The cell suspension of 1.8×10 5 cells/ml was prepared before seeding. The duplicate specimens of each sample were sterilized in 70% ethanol and washed in culture medium before the cell culture procedure. They were placed in a multi well tissue culture polystyrene plate with 5 ml cell suspension, with one well kept as a negative control and then maintained for 48±1 h in a CO 2 controlled incubator at 37ºC. After incubation the samples were washed with phosphate buffered saline solution (PBS). The cells were fixed with 5 % glutaraldehyde and dehydrated in graded ethanol (60%, 70%, 80% and 95%). The cells were observed with light microscopy (Nikon) [15] .
Results and Discussion
Typical FTIR spectra poly ester urethane samples are shown in Fig. 1 . The absorption band at 3323 cm -1 corresponds to -NH stretch groups. As it is observed the peak at 2270 cm -1 , which corresponds to Isocyanate groups, has disappeared and the peaks corresponding to urethane bond is present. The sharp peak at the 2859-2938 cm -1 is associated with the C-H stretch bonds. In addition, The absorption band at 1625-1735 cm -1 are due to C=O group of polyester urethane that has shifted by the presence of N-H group (Fig. 1) . The peaks in the ranges 1030, 1050 cm -1 are related to P-O in HA respectively. The absorption band at 3570 cm -1 corresponds to -OH groups in HA. The size, distribution and interconnectivity of the pores determine the capacity of the scaffold to the cell attachment and ingrowth (Fig. 2) . The SEM images of samples revealed that they had porous structures with pore size ranging from 50-200 µm, which are in the appropriate range for tissue engineering. As can be clearly seen, the pores are rather large, the cell walls are thick and the pore structure is interconnected. Therefore, cells can penetrate in to the pores following their growth on the scaffold surface. The macropores were regular, uniformly distributed and interconnected. Due to interconnectivity of pores cells can penetrate into the scaffold. The compression modulus is an important parameter in the formation of tissue and thus in the repair of tissue lesions. The mechanical properties of the porous polyurethane scaffolds are given in Table 1 . It can be seen that by increasing HA in the PU scaffold, compressive strength and compressive modulus increase. These scaffolds showed compression strength in the range of 407 to 450 KPa and a compression modulus in the range of 96 to 114 KPa. Increasing the HA ratio in composites improves their mechanical properties by increasing interconnectivity of pores. For example, the compressive modulus in 10% HA composite are higher than other samples (table 1) . The hydrophilicity of the scaffolds is an important characteristic for Tissue in growth in tissue engineering and medical applications. The amount of absorbed water was dependent on hydrophilic segment in samples. Water uptake level decreases by increasing hydrophilic segment ratio. This is due to an increase in the ratio of HA relative to PU. The most hydrophobic sample (PU-10% HA) absorbed up to 552 % of water (Fig. 3) . Cell culture experiments were carried out to test the biocompatibility of scaffolds. The images comparing cytotoxicity evaluation in a typical sample with a control sample are presented in fig. 4 . Cells exhibited rather good proliferation, cell attachment and appropriate covered polyurethane surface with cell spreading as spindle like morphology. This verifies the biocompatibility of the scaffold.
Conclusion
The porous polyurethane composite based on polycaprolactone and hydroxyapatite powder was prepared. Micropores were created by the freeze drying. Pores were regular, uniformly distributed and interconnected. The SEM pictures indicate that the samples have regular and interconnected pores with sizes in the range of 50 to 200 μm. Compressive strength and compressive modulus of the scaffolds increased with increasing HA powder ratio. 
